Tryptantrin and indirubin are pharmacologically active compounds used in treatment of disseases such as cancer and Alzheimer's. In this study, we investigated the influences of different concentrations of methyl jasmonate (MeJa) and putrescine (Put) on tryptanthrin and indirubin production in leaf explants and development of Isatis demiriziana Mısırdalı grown in vitro. In all media treated with methyl jasmonate, tryptanthrin production in leaves of plantlets showed an increase. The highest increase in tryptanthrin production was observed in solid Murashige-Skoog (MS) medium containing 1.0 mM MeJa (154.026 ± 0.11 µg g-1), about 2.85-fold higher than the control (untreated plantlets) (40.017 ± 0.031 µg g-1). Production of tryptanthrin decreased about 2.56-fold in the leaves of plantlets treated with Put, when compared to control. The highest indirubin production was obtained in the leaves of plantlets grown in the MS medium containing 0.1 mM MeJa (11.274 ± 0.035 µg g-1) but treatments with Put didn't show any positive affect on the indirubin production. Analysis of tryptanthrin and indirubin were performed using high performance liquid chromatography (HPLC).
INTRODUCTION
Isatis demiriziana Mısırdalı is a biennial member of Isatis genus and an endemic to South-Eastern Anatolia Region of Turkey [1] . Isatis is herbaceous plants belonging to the family Brassicaceae (Cruciferea). The roots and leaves of Isatis have anti-viral, antiinflammatory and anti-tumor effects and the leaves of these plants are used as a source of indigo (blue dye) [2] [3] [4] [5] . Recently, a number of active constitutients have been isolated from plants belonging to the Isatis genus mainly Isatis tinctoria and Isatis indigotica such as terpenoids, phenylpropanoids and alkaloids. The indole alkaloids in Isatis have significant biological activities. Among these compounds, many reports are available about indole alkaloids such as indirubin and tryptanthrin [6, 7] . Tryptanthrin has a wide range of biological activities and this natural product is a yellow and basic alkaloid. Moreover, tryptanthrin has been suggested as both a component of many dyes and medicinal herbal treatments [8] . Tryptanthrin has anticancer [9, 10] , anti-inflamatory [11] and anti-bacterial effects [12, 13] . Indirubin is a red coloured compound and isomer of indigo. In addition to the dye properties, due to its biological and pharmaceutical activities, indirubin has been used for the treatment of various diseases such as chronic myelocytic leukemia (CML) [14, 15] and Alzheimer's [16] . Plant secondary metabolites are of a major importance as raw materials of drugs and dyes. In recent years, these products has gained great attention for their commercial importance and, many of these raw materials are produced from leaves and roots of the plants [17] . In vitro plant cultures have potential for large scale production of secondary metabolites. To increase the production of secondary metabolites via in vitro plant culture techniques have been used different ways. Among these ways, using of various biotic and abiotic elicitors has been effective to stimulate production of a series of important secondary metabolites [18] [19] [20] . Of these elicitors, Jasmonic acid (JA) and MeJa are important signalling agents in terms of promoting morphological and physiological changes in plants [21] . MeJa treatment can give rise to the accumulation of several classes of alkaloids [22] , flavonoids and phenolics in some plants grown in vitro [23, 24] . Polyamines (putrescine, spermine and spermidine) play an important physiological roles in plant growth and development [25] . Put is a precursor and stimulating agent for important alkaloids such as the pyrrolidine alkaloids (nicotine and nomicotine) in tobacco plants, pyrrolizidine alkaloids (retronecine) and some tropane alkaloids (hyoscine, meteloidine and hyoscyamine) possibly phenanthroindolizidines (tylophorine) [26, 27] .
To the best of our knowledge, this is the first report on the influences of MeJa and Put on tryptanthrin and indirubin production in Isatis species grown under in vitro conditions. In the current study, it was investigated the influences of different concentrations of MeJa and Put on tryptanth
MATERIAL and METHODS 2.1. Plant material and in vitro culture conditions
The mature seeds of I. demiriziana were collected in june 2014 from Diyarbakır-Ergani (1482 m above sea level), Turkey. Voucher specimens were deposited at the Herbarium of Dicle University, Faculty of Science (voucher no. DUF-6050). Specimens were identified by Prof. Dr. Ömer SAYA, from the same institution. Specimens were identified by. The seeds were washed thoroughly in tap water for 3 min and surface sterilized by dipping in a 70% ethanol solution for 60 sec, followed by immersion in a 6% sodium hypochlorite (NaOHCl) for 8 min, and then rinsed with sterile distilled water five times. After the sterilization stage, the seeds were placed on MS solid medium [28] supplemented with 0.6% agar and 3% sucrose prior to autoclaving at 1 atm, 121ºC for 20 min. The cultures were incubated under a photoperiod of 16 h light and 8 h darkness in a growth chamber at 25 ± 2 ºC. After 3 weeks initiation of cultures, plantlets produced from the germinated seeds were transferred to solid MS basal medium containing 0.6% agar and 3% sucrose for plant proliferation. Different concentrations of MeJa (0.05, 0.1, 0.25, 0.5 and 1.0 mM) and Put (0.5, 1.0 and 2.0 mM) were applied to three-week-old plantlets.
Reagents and chemicals
Tryptanthrin (≥98%), indirubin (≥98%), N,N-Dimethylformamide (DMF, ≥99.9%), MeJa (≥95%) and putrescine dihyrochloride (Put≥97%) were purchased from Sigma (St. Louis, Mo, USA). Methanol (≥99.9%) and acetonitrile (ACN, ≥99.9%) were purchased from Merck (Darmstadt, Germany) and trifluoroacetic acid (TFA, ≥99%) was purchased from Merck (Hohenbrunn, Germany).
Treatment and preparation of MeJa and Put
MeJa and Put were dissolved in methanol and then their stock solutions were prepared as 1 mg mL -1 and 5 mg mL -1 in methanol, respectively. 3-week-old plantlets were transferred to MS medium containing different concentrations of MeJa (0.05, 0.1, 0.25, 0.5 and 1.0 mM) and Put (0.5, 1.0 and 2.0 mM). The plantlets treated with MeJa and Put were harvested to determine influences of MeJa and Put on tryptanthrin and indirubin production in the leaves of in vitro grown plants after 12 days of treated with elicitors.
Calibration curves of tryptanthrin and indirubin
Standarts of tryptanthrin and indirubin were dissolved in DMF (1 mg mL -1 ). The standard solutions of tryptanthrin and indirubin were prepared at seven different concentrations (0.05, 0.1, 0.25, 0.5, 1.0, 2.5; 5.0 µg mL -1 ) by diluting their stock solutions with DMF. To generate calibration curves ( Figure 1A-B ), each standard solution was injected in triplicate. The concentrations of tryptanthrin and indirubin in the extracts were calculated using calibration curves of the compounds. 
Extraction of tryptanthrin and indirubin
It was used method developed by Liau et al., [29] for extraction. The leaves of plants were ground into powder using a laboratory blender. 0.2 mg of leaf sample was accurately weighed and extracted with 10 mL of methanol by ultrasonication (Jeiotech, US-05, Korea) for 5 min at 45 0 C, in triplicate (10 mL x 3). Methanol in extracts was removed in vacuo (Labtech EV311, Evaporator), following metanolic extracts were combined. The final samples were dissolved in methanol of 5 mL and the final volume was adjusted to 40 mL with methanol. The solution was filtered through a 0.45 mm nylon filter membrane (Merck-Millipore® syringe filter) prior to analysis.
Analysis of tryptanthrin and indirubin using HPLC
Analysis was performed by using an HPLC system (Shimadzu Corporation, Japan) equipped with Inertsil ODS-3 C18 coloumn (5µm x 4.6 mm x 250 mm), LC-20AT pump, DGU 20A5R degaser, SIL 20A-HT autosampler and SPD M-20A PDA detector. The modified method of Zou et al. [4] was used to analysis of tryptanthrin and indirubin. The mobile phase consisted of water/acetonitrile 40/60 with 0.1% TFA for tryptanthrin and indirubin compounds. The mobile phase was filtered through a 0.45 mm filter and then degassed by ultrasonication. For both compounds, an isocratic elution profile was used, coloumn temperature was adjusted to 30 0 C and flow rate was 0.5 mL min -1 . Separation process was carried out at room temperature. Tryptanthrin and indirubin were detected at wavelengths of 305 and 275 nm, respectively. Retention times of reference compounds of tryptanthrin and indirubin were 14.9 and 13.4 min, respectively (Figure 2A-B) . Injection volume was set as 20 µl. The correlation coefficients (R) of the standards were 0.9999 for tryptanthrin and 0.9997 for indirubin. Quantification of the two compounds were performed by comparing the retention time of the standards. 
Statistical analysis
Statistical analyses were performed using SPSS Software Version 16.0 for Windows. Analysis of variance was performed using ANOVA. Duncan's multi-way range test was used for comparing of data. All data are expressed as the mean values ± standard deviation (SD). Differences were considered statistically significant at p ≤ 0.05. Table 1 shows the influences of MeJa and Put on tryptanthrin and indirubin production in the leaves of I. demiriziana grown in vitro. In the present study, I investigated the influences of MeJa and Put treatment on tryptanthrin and indirubin production in the leaf explants and development of I. demiriziana grown under in vitro conditions. Moreover, plantlets treated with MeJa and Put were compared to control plantlets (untreated plantlets). MeJa and Put treatment showed significant differences in production of tryptanthrin and indirubin. MeJa treatments were found to be more effective in production of tryptanthrin and indirubin. The retention times of tryptanthrin and indirubin compounds in the extracts were 14.9 and 13.4 min, respectively ( Figure 3A-B , Figure 4A-B) . The highest increase in tryptanthrin production was observed in the leaf explants of plantlets treated with 1.0 mM MeJa (154.026 ± 0.11 µg g -1 ) and this value was about 2.85-fold higher than in the control samples (40.017 ± 0.031 µg g -1 ). Tryptanthrin content of leaf explants in medium treated with 0.05 mM MeJa (43.922 ± 0.035 µg g -1 ) was close to the in vitro control (40.017 ± 0.031 µg g -1 ) but the amounts of tryptanthrin in MS solid media containing 0.5, 0.25 and 0.1 mM MeJa were 1.59, 1.06 and 0.97 times higher than that of the control, respectively.
RESULTS and DISCUSSION 3.1. Influences of MeJa and Put on tryptanthrin and indirubin production
All the MeJa treatments enhanced indirubin production, and the highest indirubin production was found in the leaf explants of plantlets treated with 0.1 mM MeJa (11.274 ± 0.035 µg g -1 ) and this quantity was about 3.32-fold higher than in in vitro control plantlets (2.607 ± 0.027 µg g -1 ). It was found that MeJa treatment enhanced about 6.5-fold vindoline (an indole alkaloid) production in shoot cultures of Catharanthus roseus compared to the control cultures [30] . The similar study showed that production of stemofoline alkaloids enhanced 1.42fold in root extracts of Stemona sp. treated with 1.0 MeJa, when compared with control plants [31] . MeJa treatment induced the accumulation of dihydrosanguinarine alkaloid about 1.5-fold higher than in control [32] . Similarly, the another research was showed that adding of MeJa to cell cultures of Catharanthus roseus enhanced the production of ajmalicine alkaloid [33] . The results of our study were consistent with previous reports which indicated that MeJa induced the production of some important alkaloids in in vitro cultures.
As shown in Table 1 , Put treatments did not show any affects on indirubin production compared to in vitro control plants and the differences between the quantities of indirubin in the leaf explants of plantlets treated with Put were statistically insignificant. Tryptanthrin production in leaf explants of plants treated with Put showed a decrease in all treatments but the highest decrease was observed in the medium treated with 0.5 mM Put (2.56-fold less than the control) compared to the control (Table 1 ). It was reported that Put treatment enhanced the content of capsaicin alkaloids in cell suspension cultures of Capsicum frutescens [34] . Similarly, it was found that Put treatment increased content of betalains in hairy root culture of Beta vulgaris [35] . However, Put adding to medium of transformed root cultures of Datura stramonium decreased the production of some tropane alkaloids [36] . As mentioned in the previous studies, Put treatment to the in vitro cultures revealed different results in the production of some important alkaloids. In the present study, we found that Put treatments significantly decreased the tryptanthrin production in in vitro shoot cultures of I. demiriziana. However, Put treatment did not affect on the indirubin production ( Table 1) . As seen from the Figure 5A -B, plantlets in culture media supplemented with 0.05 mM MeJa and control medium were healthy and normal but in the remaining media had deformations in leaves and/or stems of plants in terms of morphological appearances ( Figure  5C-F) . Morphological appearances of plants treated with Put and grown in control medium were normal and healthy at the end of 12 th day ( Figure 5A ). At the end of 12th day, significant differences were observed in both survival percentage and morphological appearance of plantlets grown in the media containing MeJa. Survival percentage of plantlets in medium containing 0.05 mM MeJa was 92.5%, in 0.1 mM MeJa was 87.5%. Plantlets grown in 0.25 and 0,5 mM MeJa were 47.5% and 20%, respectively and the majority of stems and leaves of plantlets grown in both media was observed drying. Among the media tested, the maximum loss was appeared in media containing 1.0 mM MeJa (5%) in terms of survival percentage of plants (Table 1 ). It was reported that the root biomass of Panax ginseng grown in suspension cultures treated with MeJa decreased 10% by day 9 [23] and MeJa treatment declined 20% on day 5 in hairy root culture of Rehmannıa glutinosa when compared with control cultures [37] . 
CONCLUSION
The present study demonstrated that the MeJa treatments significantly enhanced both tryptanthrin production (about 2.85 times more than that of control) and indirubin production (3.32 times more than that of control) in leaf explant of I. demiriziana in vitro grown. Put treatment reduced tryptanthrin production (1.57-2.56 times more less that of control) but it did not show any affects on indirubin production. Our study showed that adding of MeJa to in vitro culture media was an efficient way for the production of tryptanthrin and indirubin in in vitro conditions.
